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Abstract
Argon Plasma Coagulation (APC) is an application of gas discharges in
argon in electrosurgery, which is increasingly used especially in endo-
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scopy.Themajorapplicationfieldsarehaemostasis,tissuedevitalization
and tissue reduction. 1 ERBE Elektromedizin GmbH,
Tübingen, Germany This review describes the physics and technology of electrosurgery and
APC. Some characteristics of the argon discharge are shown and dis-
cussed, and thermal effects in biological tissue are described. Sub-
sequently, examples of medical applications are given.
Zusammenfassung
Argon-Plasma Koagulation (APC) ist eine Anwendung von Gasentladun-
gen in Argon in der Elektrochirurgie, die besonders in der Endoskopie
zunehmend eingesetzt wird. Die wichtigsten Anwendungsgebiete sind
Hämostase sowie Devitalisierung und Reduzierung von Gewebe.
Dieser Übersichtsartikel beschreibt die Physik und Technologie von
ElektrochirurgieundAPC.CharakteristikenderArgonentladungwerden
vorgestellt und diskutiert, und thermische Effekte in biologischem Ge-
webewerdenbeschrieben.AnschließendwerdenBeispielemedizinischer
Anwendungen vorgestellt.
1 Introduction
Gasdischargesinargonfindagrowingfieldofapplication
in electrosurgery, where they are used to induce mostly
superficial thermal effects on tissue in a non-contact
manner. The corresponding technique is called Argon
Plasma Coagulation (APC). First introduced in open sur-
geryinthelate1970s[1],itwasadaptedforuseinendo-
scopy in 1991 [2], [3] and has become the most com-
monly used endoscopic coagulation technique.
In the following sections, the basics of electrosurgery are
brieflyreviewed.Thegeneration,electricalcharacteristics
andtheapplicationofargonplasmainelectrosurgeryare
then presented, including medical application examples.
2 Basics of electrosurgery
Electrosurgeryistheapplicationofanalternatingcurrent
(AC)tobiologicaltissueinordertoinduceathermaleffect
through ohmic heating, which is used to selectively des-
troy the tissue. In the following sections, different kinds
of thermal effects and the method of tissue heating will
be presented in more detail.
2.1 Thermal effects in biological tissue
Heating of biological tissue can induce different effects
which depend not only on the reached temperature, but
also on the rate and duration of heating [4], [5].
For human tissue, at temperatures below 40°C, no irre-
versible cellular damage occurs in general. The phenom-
ena occurring for temperatures between 40 and 50°C
aresummarizedunderthetermofhyperthermia.Changes
at cellular membranes and molecular structures set in,
and the interstitial fluid may increase due to water secre-
tion by the cells (oedema formation). Depending on the
durationofheating,thosechangesmaystillbereversible,
but after several minutes, the tissue may begin to die. At
higher temperatures, the cells are irreversibly damaged
already after a few seconds. Between 60 and 80°C, de-
naturation of the internal proteins occurs first. This pro-
cess is called coagulation and leads to cell death (necro-
sis). The intercellular proteins then also coagulate and
transform to gelatine. In addition, the cell membranes
are destroyed since they contain a large proportion of
proteins. At 100°C, the evaporation of the cellular liquid
sets in. Additional heat is now converted to energy of
evaporation. The vapour pressure leads to mechanical
destruction of the tissue. Depending on the rate of the
heat dissipation, the evaporation takes place slowly,
leadingtodessication,orviolently,leadingtovaporization
of the tissue. Only when all liquid has evaporated, the
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materialmayburn,inducingcarbonization.Table1shows
an overview over the temperatures and their effects.
Table 1: Effects of temperature in biological tissue
The changes described above also induce a changed
electrical behaviour. This is important in electrosurgery,
since electrical current is used to generate the heat. In
general, at the AC frequency used in electrosurgery, the
tissuebehavesasanohmicresistortoagoodapproxima-
tion. Figure 1 schematically shows the behaviour of the
conductivity as a function of temperature. As the tissue
gets heated, the conductivity increases in a reversible
way due to the dissociation of electrolytes in the cellular
liquid. Above 60°C, the tissue gets coagulated, causing
an additional and irreversible increase in conductivity
due to the disruption of the cell membranes. At 100°C,
dessication of the tissue causes a strong fall in conduct-
ivity. Completely dessicated tissue is isolating [6].
Figure 1: Schematical representation of the conductivity of
tissue with changing temperature. The arrows indicate the
direction of temperature change.
2.2 Tissue heating via RF current
Inelectrosurgery,thetissueisheatedbyelectricalcurrent
via the Joule effect. The current is applied using two
electrodes, respectively termed “active” and “neutral”
electrode.
Thepowerdensitybeingproportionaltothesquareofthe
currentdensity,thestrongestheatingoccursatapunctual
contactbetweenelectrodeandtissue.Thepowerdensity
then decreases with the fourth power of distance as the
current penetrates deeper into the tissue.
Thethermaleffectoccursthereforeattheactiveelectrode
(see Figure 2), which usually has a small contact area.
For so-called monopolar applications, the neutral elec-
trode is a plate with a large contact area, so that the
current density is too low to generate a thermal effect.
For bipolar applications, both electrodes are integrated
in the application instrument.
Figure 2: Schematic representation of thermal effects at the
active electrode
The AC current has a frequency of at least 300 kHz in
order to avoid unwanted electrolysis in the tissue, or
stimulation of nerve and muscle cells which occurs at
lowerfrequencies.Electrosurgeryisthereforealsocalled
“high-frequency (HF) surgery” or “radio-frequency (RF)
surgery”.
The thermal effect in the tissue depends mainly on the
rate of heating and the attained temperature T, which in
turn depend on the dissipated power and the exposure
time. The effects in the tissue are commonly classified
as coagulation (slower heating, T<100°C) and cut
(quicker heating, T>100°C). The high current density re-
quired to achieve the violent heating necessary for the
cutting effect is generated by microsparks between the
electrode and the tissue. The term coagulation is used
in electrosurgery to signify devitalization of tissue and
stanchingofbleeding(haemostasis)throughdesiccation
of the cells and denaturation of proteins. To achieve the
desired effect, e.g. to control the degree of coagulation
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modulated.
3 Argon Plasma in electrosurgery
Argonplasmacoagulation(APC)isamonopolarelectrosur-
gical technique which uses argon discharges at atmo-
spheric pressure to coagulate tissue. Argon was chosen
because it is biochemically inert, has a low breakdown
voltage and is relatively inexpensive.
Contrarily to devices such as the plasma needle [7], a
current flow through the tissue is intended to generate
the desired thermal effect, the plasma taking the role of
the application electrode.
3.1 Plasma generation
The discharges are generated between the active elec-
trodeandthetissuetobetreated(seeFigure3andFigure
4). The electrode may be a tungsten wire with a diameter
of several tenths of a millimetre, or a needle- or spatula-
shapedtipmadeofstainlesssteel.Thedistancebetween
electrodeandtissueistypically2-10mm.Theargonflows
through a tube which surrounds the electrode. An AC
voltage with an amplitude of typically 4 kV and a fre-
quency of typically 350 kHz is used to ignite the dis-
charge.
Figure3:SchematicrepresentationofatypicalAPCsetup.The
argon flows through a tube containing the electrode wire. The
discharge is ignited by a HF voltage UHF between the wire end
and the tissue. After breakdown, HF current IHF flows into the
tissue, causing a coagulation effect, and back to the HF
generator through the neutral electrode (NE).
Figure 4: APC in action. The photographs are taken with
different exposure times and show the end of an APC probe
with two single sparks (left) resp. the resulting plasma beam
(right) and a coagulated region on the tissue.
3.2Electricalcharacteristicsandnature
of the plasma
Figure 5 shows a typical waveform of voltage and current
for a burst of the ERBE VIO APC generator.
Figure 5: Typical waveforms for voltage and current for an APC
burst, as generated by the ERBE VIO APC system
After breakdown, a current with a peak value of typically
2-5 A sets in and generates the effect in the tissue. The
oscillation then gets damped due to the discharging of
the oscillating circuit within the generator. These bursts
are repeated with a rate of typically 20 kHz (see Figure
4).
The relatively high current and the strong voltage break-
down seem to classify the APC discharge as a spark [8],
[9], with the particularity that the plasma is maintained
as long as the oscillating circuit is able to deliver enough
current. It is likely that the current is not strong enough
for thermal equilibrium within the plasma to be reached,
since this would require currents of the order of 10 A [8].
The APC plasma seems therefore to be a cold, non-equi-
librium plasma [10]. To our knowledge, it has not been
investigated more closely to date. Therefore, physical
details of the discharge process or the plasma-electrode
and plasma-tissue interactions are not fully understood.
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Argon plasma coagulation is particularly well suited for
superficialtreatmentssincethepenetrationdepthofthe
coagulation is limited to a few millimetres. The reason is
that, since the tissue impedance increases when the tis-
suestartstodessicateafterthecoagulationprocess,the
contactspotoftheplasmaonthetissuehasthetendency
to move to hydrated, possibly bleeding regions.
APC is used in nearly every surgical specialist area, such
as general and visceral surgery, urology, gynaecology,
gastroenterological [11] and bronchological endoscopy,
and ENT. The major application fields are haemostasis
and tissue devitalization, with a focus on endoscopic ap-
plications (see Figure 6).
Figure 6: Endoscopic application of APC
For each application field, some examples will be cited
in the following. More application examples are reported
in [12] and [13].
4.1Stanchingofbleeding(haemostasis)
Bleeding (haemorrhages) may occur during operations,
or due to ulcers, to injured or widened blood vessels
(vascularlesions,vascularectasia),varices,andtumours.
Haemostasisduringoperationsservesmainlytominimize
blood loss. Using APC, relatively large surfaces can be
efficiently treated.
An example for an operation where APC is used for
haemostasisistheremovaloftonsils(tonsillectomy)[14].
Other application fields include breast surgery and uro-
logy.
Examples for bleeding from other sources treated with
APC are gastrointestinal vascular lesions [15], bleeding
in the large intestine (colon) due to damage caused by
radiotherapy (radiation proctritis, see Figure 7) [16], and
heavy bleeding of an infected bladder (haemorrhagic
cystitis) [17].
Figure 7: Bleeding in the colon due to radiation proctritis (left)
before and (right) after treatment with APC. Reproduced with
kind permission of A. Eickhoff, Klinikum Ludwigshafen,
Germany
4.2 Devitalization and tissue reduction
Devitalization and shrinkage are often used for the
treatment of tumours and obstructing tissue. In the case
of tumours in an early state, the desired effect is to kill
the cancerous tissue, which can then be removed
mechanically where necessary. To treat obstructions by
grown or swollen tissue, or by incurable tumours, the
shrinkage effect of coagulation and dessication is used.
Ifhighpowerisapplied,thetissuemayalsobecarbonized
or even vaporized.
Examples for devitalization and tissue reduction by APC
are the treatment of overlarge nasal conchae (Figure 8)
[18], and the minimally invasive treatment of tumours
andmetastases,e.g.intherespiratoryorgastrointestinal
tract. In skin surgery, APC is used to treat warts, actinic
keratoses and haemangioma [19].
Figure 8: APC in the nasal cavity, where a probe with lateral
outlet is used
5 Summary
Inthisarticle,thetechniqueofArgonPlasmaCoagulation
(APC) has been presented. The plasma is used as appli-
cation electrode for an alternating current in order to in-
duce a thermal effect in biological tissue. APC is well es-
tablished in medicine, especially for endoscopic and
minimally invasive applications. However, the physical
details of APC are not yet fully understood.
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